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Three full years have passed since the initial installation 
of all the Main Ring magnets was completed in April, 1971. This 
is a summary report of magnet replacement in the Main Ring during 
these years. 

Methods and procedures of magnet fabrication have been changed 
or modified during and after the installation period of early 1971 
in order to improve the quality of magnets and to prevent failures. 
Five major generations of bending magnets have been made. From 
their typical characteristics, they are called (1) plaster-stick, 
(2) epoxy-stick, (3) vacuum-impregnation, (4) integral-impregna- 
tion ("super" magnets), and (5) sleeve-joint ("super-duper" magnets). 
Some of the plaster-stick and epoxy-stick bending magnets were 
vacuum-impregnated without being disassembled. They are called 
"salvage-impregnation" magnets. This procedure ;was applied before 
magnets were installed in the Main Ring (BC magnets; before commis- 
sion) and after magnets had been installed and.failed (AC magnets; 
after commission). 

Table I gives the numbers of replaced magnets, including shorted 
magnets, and magnets replaced for reasons other than shorts. The 
shorted magnets include magnets that failed by hi-potting and magnets 
with turn-to-turn shorts. 

Table I 

Replaced Magnets 

Total Number Number of Miscellaneous 
of Replaced Shorted Replaced 

Magnets Magnets Magnets 

Bending 466 399 67 
Quadrupole 87 50 37" 
Total 553 449 n.@ 

*This includes 12 quadrupole magnets that were replaced because 
other quadrupole magnets in the same doublet structures had to 
be replaced. 
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The miscellaneous replaced magnets consist of magnets that were 
replaced for convenience, because of vacuum leaks inside magnets, 
and because of bad doublet mates. 

The main reasons for magnet replacement for convenience are: 

1. 

2. 

3. 

4. 

Wrong-Series Magnets. 
series magnets, 

Because of shortages of proper- 
B2 bending magnets were installed in 

place of Bl magnets, and inner coil-up bending magnets 
(1500 and 2500 series) in place of inner coil-down 

magnets (1000 and 2000 series) and vice versa: "old" 
style quadrupole magnets were installed in place of 
"new" style quadrupole magnets and vice versa. 

Proto-Main Bending Magnets. These magnets have magnetic- 
field properties almost identical to those of the regular 
bending magnets in the magnetic-field range below 300 GeV, 
but have different field-saturation characteristics at 
higher fields, for example at 400-GeV excitation. 

Substandard Magnets. 

Magnets in which the vacuum chamber was built using dif- 
ferent stainless steel from the regular chamber. 

5. Plaster-stick B2 bending magnets with low resistance to 
ground. Those magnets are being used at secondary beam 
lines at the Meson Experimental Area, where magnets are 
generally operated at very low voltage. 

6. Bending magnets with collapsed vacuum chambers or with 
suspected collapsed vacuum chambers. 

7. Quadrupole magnets for magnetic field studies. No use- 
ful information 'has:-been obtained from this practice. 

8. Magnets on which special devices such as extraction 
targets were installed. 

9. Quadrupole doublets for splitting. 

Details of magnet rgplacement data as of 2400 hours, April 30, 
1974, are given in Table II(a) through Table II(k). Reference num- 
bers, removed magnets, replacement magnets, locations, dates and 
reasons for replacement are listed. Table III is a list of failed 
magnets because of turn-to-turn shorts. Table IV is a list of magnets 
that were replaced because of leaks in vacuum chambers. Fourteen 
quadrupole magnets and only four bending magnets are in this 
category. 
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Figures l(a) and l(b) show the number of magnets per month 
replaced for convenience or because of vacuum leaks and the number 
of failed magnets because of shorts to ground or hi-pot failure, 
respectively. The absissa is the month and year. A total of 20 
magnets that-failed because of turn-to-turn shorts are indicated 
as black histograms in Figure l(b). 

Figure 2 gives semi-log plots of the number of the failed magnets 
per month as a function of the calendar year. The upper data cor- 
respond to the sum of both bending and quadrupole magnets and the 
lower data to the shorted quadrupole magnets only. Two curves are 
drawn to guide the eye. 

Table V gives a summary statistics for the.bending magnets in 
seven categories; i.e., (1) plaster-stick (pure), (2) plaster-stick 
with salvage impregnation after failure (AC), (3) plaster-stick with 
salvage impregnation before failure (BC), (4) epoxy-stick (pure or 
salvage impregnation), (5) vacuum impregnation, (6) integral im- 
pregnation (super), and (7) sleeve joint (super-duper). The lifetime 
of a replaced magnet is measured from the date of installation to 
the date of replacement. For those magnets that were installed 
during the initial installation period, the date of installation 
was assumed to be April 15, L971. Similarly; the lifetime of a mag- 
net that is currently installed is measured from the date of instal- 
lation to April 30, 1974. 

An average mean - life for shorted magnets, Xave, is defined by 

where X1 and h 2 are average lifetimes for shorted magnets and magnets 
that are currently in use, respectively, and N1 and N2 are respectively 
the numbers of shorted magnets and magnets in use. Magnets that have 
been replaced for other reasons than shorts are not included in this 
analysis. 

Failure rates for those bending magnets in the first four 
categories reveal a very strong dependence on their lifetimes. The 
longer they survive, the lower are the failure rates. Figures 3, 4, 
and 5 show percentage failure rates per month as a function of the 
magnet lifetime for the plaster-stick (pure or salvaige impregnation), 
epoxy-stick (pure or salvage impregnation), and vacuum-impregnation 
bending magnets, respectively. The last shows essentially no lifetime 
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dependence. The failure rates for the plaster-stick and epoxy- 
stick bending magnets were very high during the first 12 months, 
but they are now 0.5% or less per month. The three kinds of 
plaster-stick magnets (pure, AC and BC) are combined together in 
order to improve statistics. 

Table VI(a) through VI(c) are lifetime distributions for 
shorted bending magnets, bending magnets that are currently in use, 
and bending magnets that have been replaced for other reasons than 
shorts, respectively, in the seven categories. The first column 
corresponds to the lifetime in units of months. In Table VI(b), 
one can see that essentially all the bending magnets that are in the 
first five categories and that are currently in use, have a lifetime 
of 36 months, i.e., 3 years. Sixteen pure plaster-stick magnets 
that were replaced for convenience at the 17th month (Table VI(.c) 
were sent to the Meson Area. The failure rate of the integral-im- 
pregnation magnets (super) does not seem to have an apparent correla- 
tion with the magnet lifetime. (See Table VI(a) and (b)S 

Table VII gives an extrapolated failure rate for the bending 
magnets in the near future. The individual extrapolated failure rates 
are determined from Figures 3, 4, and5 for the first three kinds, 
and from the 

Table VII. 

Extrapolated Failure Rate 

Magnets 

Plaster-Stick 

Number of Extrapolated Number of 
Bending Failure Rate Extrapolated 
Magnets per Month Failed Magnets 
In Use (8) per Month 

145 0.35 0.5 

Epoxy-Stick 333 0.3 1.0 

Vacuum Impreg. 127 0.5 0.6 

Integral Impreg. 138 0.74 1.0 

Sleeve Joints 31 0.73 0.2 

Total 774 0.44 3.3 
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average mean-lives given in Table V for the integral-impregnation 
and sleeve-joint magnets. This failure rate of 3.3 bending magnets 
per month is consistent with those shown in Figure 2. 

Table VIII(a) through Table VIII(f) and Table IX(a) through 
Table IX(f) give magnet arrangements of the Main Ring magnets (total 
of 1014) on April 18, 1971, when the intial installation was completed, 
and on April 30, 1974, respectively. A magnet serial number of 0 
at Stations 17-2 and 17-3 etc. indicates that those stations do not 
have any magnet. 

Table XI(a) through Table XI(l) show a history of magnet re- 
placement at each station. Four-digit numbers correspond to the 
current magnet arrangement given in Table IX(a) through Table IX(f). 
Twelve-digit numbers correspond to replaced magnets and should be 
read as follows (starting from the left): 

4 digits = magnet serial number of a removed magnet 
1 digit = replacement mode 

1 = short or hi-pot failure 
2 = vacuum leaks 
3 = convenience 
4 = turn-to-turn short 
5 =' doublet-mate 

3 digits = reference number of replacement 
4 digits = date. 

For example, a magnet replacement history at Station All-3 (Table 
XI(a)) is as follows: 

The original magnet (2022) failed due to shorts in March, 
1972, Reference #332, and the second magnet (2260) was 
replaced for convenience (a suspected collapsed vacuum 
chamber) in June, 1972, Reference #370. The magnet in the 
ring now is 2275. 

No magnet has been replaced at Station A12-3. 

Throughout the present analysis only two inconsistent data 
regarding magnet serial numbers were found. They will be straightened 
out in the near future. 
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2 2070 2712 8-i 3-3 4-23-i 971 StttlRf “OR HI-riar 

u-13-2 5- 7-1931 SHURT ‘ETR Hf-P@T 
PG3Q-I 5-13-l 971 SHORT -OR HZ-POT 

..43 2578 
:44 I?33 

2717 
i’5iif 

B-2 2-4 6- 3-197x S;HORT UR HI-POT 
F-i 3-3 6- 4-1975 SHORT OR HZ-POT 

2531 2P20 
I ---... .-._I_.-- ______- _ 

A-4 6-4 6- 5-l 931 SHORT QR HI-PUT 
1698 A-38-2 6- 5-1911 SHORT OR #U-POT __--- ---.- -- .----, ._c_1- -.-- __ I 

TABLE II(a) 
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#Am!.ET REPtMiEhlEMT FM THE #AIM ACCEt&RATOR AT NAL 

5% 
59 

255% 
1016 

3-2’6-4 6- 9-r97i SHORT .aR HI-POT 
A-37-5 6-1%~19?i SHORT,wt #-#f-POT 

SHORf OR HP-POT 

64 
65 

--- A-34&3 6-IQ-1971 SHORT j CR 81 -POT 
bwtti-2' 6-10-1972 SHORT OR HI-POT 

62 29tt 2087 FiLI-5 6-2l+f 97% 8iiORT i OR HI-POT 
83 2698 253i F-28-4 6- 2i+ 973. SMORt -0R ‘HI-P&T 

,W 1025 1033 A-36-3 ii-22-1971 81URT OR HI-POT 
89 157% 1694 F-Lb-4 6-22d97-1. SHORT ‘OR HZ-PUT 

2gsz1 
‘94 ii78 Pl89 f-$4’5 6-25-i 971 SHORf OR HE-FOT 
95 2196 221% F-15-5 6-25-1971 b;HORI DR HZ-POT 

---- 
100 $4 66 IS09 F-45-5 6-27-L 9ri SHIRT :OR H:-PDT 

TABLE II(b) 
-_ 
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BA$$iwr R~?LACEHENT FOR THE @iAlIt ACCELERATOR AT .NAt 

219s 2729 SHORT OR HI+DT 

1,2L1. 2585 254% A-13-4 7- 8*1971 SHORT OR, HI-POT 

TABLE II(c) 
I -- 

- - . - -1_- - - - - . - - - -  

--_.----.___----___ _~_. -_ ___ 



$8 15El it 
159 263% 25 

$64 P594 15 
1.65 aIf3 2% 

.t c-39-4 %- 5-i97.t s1 

.I D-i 6-5 & 549tt SI 

ID D-l 3-2 a-$2~$971 SI 
4 C&3 2-4 8-12-2 911 Si 
‘3 
$j ‘.. 
[‘3 “, 

;; C-f2-4 8- 23+9Ji 51 
c-13-5 8-23-f 9tf $I 

i:ta 3.6&D 1726 c-35-4 8-234971 S# 
I;71 1043 522% G-37-5 8-23-i 971 SI 

c+7-4 8~g3-19?2 St 

a.94 f050 2222 E-43-G 9-15-l 975, 51 
195 2016 28’33 A-38-5 9- 15-i 971 St 

IQRT URJ 

DRT OR I 

LI rPOf __------ 
II-IWT 
II-POT 

iI-PQT 
if-POT 

I-WIT 
T‘*PUT 
X-PUT 
Lzz?EKL.--i--- 
I-PUT 14%i 

I-$=OT 

TABLE II(d) 
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C-48-6 1 O-21-1 971 WACUUH LEAK - 

abs 7159 F-$9-1 ia-260I!#?1 SHORT OR HI-PUT 

275 
276 

168% 
2880 

1518 
2245 

281 2825 224B 8322-5 120280197% SHORT .DR HI-POT 
282 1578 1 p14 B-il9*4 12-28;~19?1 SHORT OR HI-POI. 

-. . . 
SHQRT -OR HI-PO+ 
SHURT QIt HTiPOT 

2,93 1513 I?35 c-33-4 t- +-19?2 SHORT OR HI-POjf 
294 2593 2749 Q-l.?-4 I- e-19?2 SHORT <OR: HZd’OT 

‘299 
30% 

2028 
25#6 

1748 
2244 

--..... --_II_- 
B-24-2 29 .&-I972 SHORT ,43&t HI-PUT 
F-34-3 j??_ ./#:a 912 SHQRT .Qft HZ-POT 

r- TABLE II(f) 
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U8’#ET REPLACEflEW FOR’ THE #AIN ACGELERAT’OR AT NAI. 

2551 
1052 

2659 
6221 

-- c-37-4 9~21-1971 S#ORf OR HZ-POT 
B-21-5 9-22-i 972 SHORT OR HI-PDT 

214 2Sb9 2743 A-2 8-4 9-SD-i9tt SHORT UR HI-POT 

il,lS 2568 2742 B-13-4 I.@- 6-1971 SHORt OR HI-PUT 
2,2 0 2579 274% El-i6-2 IQ- 6-i97i SWURT OR HI-POT 

23% 2149 o-39-3 IO-12-l 911 SHURf OR HI-PUT 

iUbjt i224 A-46-‘3 3, u- is.4 971 SHORT OR HI -@Of 
243 2658 2756 E-34-4 5u-ts-29;1i SHORT’ OR HI-POT 

,, .k. 

249 2555 2746 F-47-2 io-1649Pi SMRT ;QR HI&.JT 
5u &dJi33 irpo A-36-3 IO-160&971 AL... -: ._............. 2 __.......__-..-..- --.i.1: II........... : . :--l..-..li.. - .~ Sb&H2f OR HI+OT ..__-_ _ -.-. -- -I--. __-.. .__ ,_ 

TABLE II(e) - - . .._-_- -- ..__ ---- ..--.. .- .- . . . --.- .._- 
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309 153% if51 A-362 2-23-1972 SiiORf OR HI-POT 

----- ;’ 

-.- -. ---______ 
A-4%-6 3-.29-i 972 SHORT OR M-POT 
A-4%-7 DWBtEf RATE 
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#AG,NET @PLACEblE#T FDR THE HAIW ACCEt’ERATOR AT NAL 

sHotar,I-PBX--.- --- .-_- 
352 2706 
353 128% 

5761 A-i 2-4 4- 5-1912 SHORT OR W-POT 
1251 F-2 9-S 4- 33-I 9?2 SHORT OR ,HI-POT 

SHOR,T -OR Hf-WrT -- 

.3.7 0 2270 2275 A-l I.4 6-24-197 2 CONVENIENCE 
571 2012 2282 A-1 3-5 6- 27-E 97 2 CONVENIENCE 

io‘43~ A&24-2 7- 6-1972 CONWIWZEWEE 
7- 6-f 972 TURN-?URN SHORT 

3ti4 2536 27i2 A-47-2 It; 9-%9?2 CO~ENIPNCE 

----l-.l.-._ 
399 20%0 2204 A-29-3 8* 949?2 CONYEN.IENCE 
480 20 32 2280 A-25-3 B-50-1972 CONYENIENCE 

TABLE II(h) 
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na~pqg- REPLACEHENT FOR THE HAIN ACCELERATOR AT NAL 

4.8 2 2522 2780 A-24-4 8-5N-1972 GWYE#TENCE 
WI3 29&6 2290 A-$4*3 8-n-l 972 CONWENXENGE 

--___l- 20:24 2292 &d4-3 i#f--it+1972 SHQRT .OR, HI-f&XT 

e;36 2D70 '2253 F40-5 2-27-1973 SHORT 0R HI-WT 
437 2t32 2793 F-38-4 3- 73-1973 SHORT OR HT-POT 

T;2+5 3i 9-i9?3 SHORT OR HI-PQT 

442 1528 1776 a+7-4 342241973 TURN-‘fl.$RM SHURT 
443 155.4 it73 E-21-.4. 4' g-i973 SHORT ‘0#? HI-PQf 

4.46 2567 2794 C&29-2 4-m-&973 fURN~5URN SmRT ’ 
449 i626 1775 D-21&4 e-is-i973 WRN~TW#4 S#ORT 

y-vwzo-.-____lils___-- 7242 D- m m T 9?3 

I---- 

CONVEEf=)1CE _- - __.. --.- _I____ 

I_-- P-L TABLE II(i) -_---.- ..-- .-.- .--. ---. -----. -... 



20 TM-503 

I~“A#ET RE~~LACEWNT FOR THE HAIN ACCELERATOR AT NAL 

458 2115 22 
459 2279 27 

143 A-17-5 4-3sq.973 CUWYENfENCE 

; ,,I . . . . ‘. .. 
9 
w CEC -.-_.--.-.-..._. .--.--~ 
‘9 c-43-3 5- g-i973 YACOUM CEAK, 
I7 U-21-8 5- 9-3.373 CUNWENIENCi 

464 if194 1263 a-12-5 5 m-1 973 TURN-TURIQ SHORT 
W5 ID~ID 1272 A-14-5 5-;2o-&t3 TURN-TURN SHORT 

476 2213 2305 F-15-5 6-a?-19’73 TORN-TUR?tl SH&RT 
4.77 2292 2304 8-14’3 6-29-19113 SIORT OR Hf-POT 

2657 28 
483 1244 12 

%88 3.634 2°F 
4.&9 I?62 i7 

I3 O-i4702 ‘t-is-1973 SHORT .>UR H 
19 f-34-3 7-IS-SW3 TURN-TURN 

b2 ‘C-44*2 8-28-a1973 Stlmf ;UR H 
I6 E;-3704 &T-35-1973 SMURT OR H 

-POT 

TABLE II(j) 
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MAPMEt REPtACE#ENT FOR THE MAIN ACCELERATOR AT ‘NAL’ 

5% 2252 2314 A-43-3 34 iQ-i 97 4 SHORT r OR HZ-POT 
3-23-1974 TUREI-fORI SH015T~ 

TABLE II(k) 
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18 493 2552 k-37-2 9-i21-19?3 

TABLE III 

-_-- 

‘.. 

:  . ,  
:  . , .  

*  

--ll----_--- 



~  

:.  

. :  

. :  



62 42 41 333 127 133 31 

.( TABLE V -- 

i < I -_ _-_--- 

- ---- 
.: ,:’ .’ 

.’ 
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LIFE-TIME OISTR38UTIUNS FOR SWEN KlMC5 OF SHORTED BEWING NAG?dETS 

3. 7 30 8 16 5 0 n 
4* 5 3 .I 12 1 0 D 

$1. 0 0 5 I 5 0 ff 
22* I I I 5 5 0 n 

2J* 2 0 u II 5 D 0 
28. 2 0 g 4 0 1 n 

33. 0 0 5 3 a a 0 

39. 0 0 a a a 0 0 
40, 0 0 5 0 0 0 0 

TABLE VI(a) 
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LIFE-TIME DISTRIBUTIONS FUR SEV.EM KINDS Of BENr3ING MAGNETS IN SERVISE 

4PURE) SALVAGE SALVAGE WRE Bi fORIG.1 (SUPER) ISUPER- 
IFtPREG, :IPIPREt. SALYAGE DUPER) 

3, a a 3 0 3 3 s 
4. a 0 0 D P a 3 

15. 0 3 0 B 3 5 a 
16, 0 a 3 a a 2 3 

33. a 5 1 I 16 3 0 
34. 0 2 3 5 I.2 n 0 

39. 0, 0 5 0 a a 

TABLE VI(h) 
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27. 0 0 0 II 0 0 0 
28. 0 0 0 PI 0 0 a 

33. 0 0 Q 2 a 0 0 
34. 0 0 0 D 0 0 0 

45, 0 0 0 0 0 a 0 
46, 0 0 a 0 0 0 0 

TABLE VI(c) 
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A4g-2(4-FTll A49-314~FT), A49-4t4-Ff1, Atg-5(7-FTI, ETC. 

A-18 7112 2502 2D2iJ 1515 1020 
A-19 7133 1511 1018 2506 2030 

A-25 7120 25.15 2032 3.525 1022 
A-26 71347 i5i.2 1035 2523 2034 

A-33 71185 2521 2014 1574 ioii 
d-34 7075 1527 IOU? 2529 2013. 

A-39 7004 2532 2021 5523 1024 
4-42 '7144 1519 1034 2541 2027 

A-47 7016 2536 2039 3.528 1037 
A-48 4027 0 104'7 1526 1046 

;' .yi TABLE VIII(a) 
-_.--_ .------ --_l_ 

~---~ -_-__--_.- ..-...-. ---- ____ 

; 

- -------- ---...-. --.__ .--.-_ -.--_._ 
:...: 

‘:, 

____-__-_-___ -- -_ 
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810-2(7-FTl, Ai0-3t4-FT)q 813-4(4-Fr)3 AiO-5149FT)s 
A49-2(4=FT), A4993(4-FiI, A49-4 i[4-FfI, 849-5 t’?-FTI, ETC. 

B- 12 4oirt 2585 ‘23.18 1604 1094 
B- 13 7054 1594 1100 256& 2058 

7083 2605 2094 1616 1096 
R-19 7069 1597 1095 2580 2fi74 

i-z!5 7046 2538 2a35 1556 109a 
8-26 7064 1573 1032 2552 2059 

707D 2635 20 38 1566 I.104 
3-34 705@ 1563 1093 2566 2082 

83-39 7041 2535 2033 15bR 1058 
3-42 7057 1531 1017 2554 2R55 

TABLE VIII(b) 



AiD-2f7-FJIr APQ-3t4-FTlr AlO-4(4-FTIr MU-SIC-FTI, 
A49-2(4-FTjg A4993f4-FTlq A49-4(4-FTj~ AL9+(7-FfIr ETC. 

c-12 4006 26I.5 2119 1594 P120 
c- 13 7056 1585 1097 2592 2073 

- - 
S-18 7092 
C-19 705'5 

2572 
1583 

16130 1112 
2556 2090 

5-25 7097 2586 21349 1596 1114 
C-26 Lbil 1115 2600 209& 

c-33 7093 2596 2112 1588 1116 
z-34 7084 1619 1136 2590 2101 

c-39 7036 26'23 2099 a553 if36;D 
C-42 7107 1630 1129 2636 2056 

c-47 7042 2607 2121 262iI 1076 

TABLE VIII(c) r: ,’ --y--y .- -----_-- .___ I _---.-. ~~_---....-- II-- .-.. -.-_---- ___. __I_. -- 
_.-~.- .--- ----~. 

L 

-.__- ,, ‘. ., ,, ,. 

______ ---__--------- --- -- 



BiU-217~fT)r Bl0-3t4-FT)t AiO-4I4-FTSj A10-524-FTf, 
A49-2149FfIr W49-3f4-FTIr A44-4t4-FTJ, k49-5t7-FTIr ETC. 

D-12 4009 2539 2127 161% 3.11% 
D-13 7123 1635 izi9 2606 2126 

D-18 7F28 2631 a.223 i624 ii4fi 
o-19 7113 16t33 11386 262% 204% 

D-25. 7114 2645 2t.43 1628 it42 
O-26 7086 1613 if355 2644 2124 

o-33 7146 2639 23.35 1636 1152 
D-34 7126 1645 it 47 2640 2ifS 

o-39 7003 2653 2149 idi4 1033 
D-42 7145 1649 1075 2626 2i48 

,, 

o-47 7024 2657 2257 1646 ID62 
D-48 4038 0 1155 $653 I.159 

I TABLE VIII(d) 
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AIO-2(7-FT), Ai0-3t4-FT1, .Al0-4f4-FTIr iii@-5140FT), 
8490214-Ff), A4903140FJJr A49-414-FTIs A49-5f7-FTlr ETC. 

E-12 413 05 2663 2173 I.648 1162 
E-13 7092 P65.1 1157 2662 2170 

E-18 7175 2584 2683 1652. Ii54 
E-19 7173 i659 1089 2676 2176 

E-25 7106 2679 2191 i662 ii76 
E-26 7188 166% 1165 2654 2154 

E-33 7i6ft 2605 2269 165f.b 1842 
E-34 7154 1669 1087 2658 2072 

E-39 7oi4 2533 2181 I644 1070 
G 42 7i81 1673 ii385 2594 2146 

E-47 7001 2665 2165 i66S 1053 
E-48 4001 D ID44 1677 1063 

TABLE VIII(e) 
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&iQ-2t7-FTfr &IO-314~FTI, AIO-4449FTJ, AiO-5lt-FTlt 
A49-2(4-FTlr A49-314-FTI, A49-4(4-FTlt A49-5(7-FTlr ETC. 

F-i2 41104 2693 2195 1672 ii62 
F-13 7153 1695 17q3 2690 2174 

F-28 7122 2689 2203 1633 1127 
F-.19 7159 1587 LiEIf, 2704 23.88 

F-25 7174 269.7 2297 3.684 iii54 
F-26 7190 1683 iii35 2696 2160 

F-33 7167 2705 2211 1696 iii38 
F-34 7034 ifrS1 2546 27u2 2200 

‘-39 7007 2707 2220 16’75 1546 
F-42 7164 .I593 I.1 83 2706 2284 

TABLE VIII(f) 



34 TM-503 

CURRENT MAGHET ARRANGEMENT AT ‘THE MAIN 4CCELERA’TOR AS OF APRIL 30% 1974 
troUwAl3 Al 

A-15 7262 1505 1015 2507 2017 
A-ib 7012 2666 2296 iJ46 1012 

R-22 -- 7867 2795 i.228 2534 224a 
A-23 7027 2512 2310 1713 .io 24 

7134 1536 ii?30 25.10 2215 
A-24 7276 2524 2309 1700 SD14 

n-ii 7079 1751 1232 2528 2308 
A-37 7244 2758 2283, 1723 1255 

A-44 f20f 1753 1204 252P 2015 
A-45 7109 2529 2305 1504 1205 
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I 2 3 4 !i 
a-so 0 7239 4058 4(313 4016 

B-S5 7196 2533 1283 2532 2245 
8-16 7019 2741 2231, 1580 1285 

Et-22 7053 1577 1091 2717 2864 
3-23 7017 2753 227? 1515 P868 

3-44 7066 ifi? 1069 2549 22?fi 
5-45 7076 2789 2233 1562 1236 

- ___I-.,- --, 

.’ .’ ;. .‘. 
‘. 

6 / TABLE IX(b) ___----___ 

II 

----I--- _____-_l_.“- ,,, : :.. _ 
.’ ‘.. 

. 

_.__---- ---L-1--1--------~ .._ -- ..____ _ ._-, 



36 TM-503 

C.-i5 7074 1603 1865 2505 2rrti4 
Z-3.6 71121 2651 2107 1724 iilb 

c-22 7093 1752 1105 2533 2236 
z-23 713.15 2591 2ib3 1602 iP2i4 

C-28 7980 16i5 it17 2634 2274 
3-29 7020 2794 2232 1591 1045 

3-36 7116 1759 I.138 26414 2264 
c-37 7201 2599 2iI20 3.736 1220 

2-44 71113 1782 2740 2285 

TABLE IX(c) 

- . 
..-,-.- 

.’ 
: I 

.” ‘: . . . 

.; 

- ----. --_ 



37 TM-503 

1 2 3 4 5 
D-10 0 7033 4848 4G26 4032 

D-15 7124 iii29 13.35 26j18 2123 
D-lb 7033 2775 2125 l.716 1217 

o-22 7132 i623 1143 2778 2130 
D-23 7267 2637 23-41 I.503 1144 

D-28 7067 I.605 1149 2646 2140 
l-29 7044 2641 2145 ii.38 1156 

D-3& 714% 165'5 '1139 2631J 2155 
D-37 7248 2771 2147 2664 ill!% 

D-44 7203 1532 1145 2652 2244 
D-45 7274 2655 2159 1586 1253 

----_-__ 

-. - -__---- 

--- 

.I _ 
: : -.------- - . . 

- 



38 TM-503 

E-15 719% 1647 1963 2672 2172 
E-16 7xfP9 2532 2263 $654 ii.70 

E-22 7236 1559 1169 2664 2166 
E-23 7005 2675 2298 6773 1174 

E-28 7170 i663 I.171 2618, 216s 
E-29 7030 272'7 2063 1670 1084 

E-36 7171 1665 1267 2734 2066 
E-37 7227 2535 231% 1674 iD66 

E-44 7182 1671. 1261 2769 2180 
E-45 7216 275b 2319 I.530 I%%% 

,’ ” 

:. TABLE IX(e) 



39 TM-503 

F-3.5 7208 1635 1248 25511 2322 
F-16 7026 2695 2303 1676 1179 

'-22 7137 A687 1208 2752 2198 
F-23 70138 2807 2207 P6Sf) ii85 

F-28 7176 1691 
‘F-29 701i 2715 

1195 253i 2194 
2205 1690 1274 

F-36 7263 1551 1247 2576 2188 
F-37 7251. 2703 2287 1692 Pi99 

F-44 
F-45 

7223 
7239. 

1’774 
2711 

I.279 
2209 

2710 
1768 

2239 
I.254 

--- --____l__ -----. -._ c_____l________ 
. . . ,. : 

‘. 

” 
.., 

j 
.: TABLE IX(f) 

r ‘, .: . .-.l--l-~-----..---~~-l_l~ : :,: ., ..” .: ,“’ ..:. ,. :.: ,‘. ,, ” ,;. ~ -- -.- __-.- - . . . . ..--._.___ 
r--- --y-- 

,’ -.------ --m--.-----...--__--__l. 
. . 

~__I --- _---.-. 



40 TM-503 

706~06372a672 401143'720672 402313508472 4021635OOC72 
R-11 0 2783 2275 2668 2278 

170613520472 
A-13 7068 1514 inob 2548 2282 

A-i5 7262 1505 IO 15 2507 2017 
907724460473 

250613510472 
A-13 7112 25132 1'785 102E 

fi382254i.071 lS~PtOSiO571 250610330671 2030~0448671 
A-21 7139 2545 2033 1736 111.6 

A-23 7027 2512 2310 1718 1024 
20251026Q571 15131034~671 163211220771 

io4333750772 
A-25 7120 2782 2286 i525 1223 

-- 
2525i1488771 20352ii9U77h 150810060471 

A-28 7134 1536 1190 zlj-io 2215 



41 TM-503 

228414870873 
IA-32 7075 173% 100% 2770 226% 

- 3 
A-34 7199 152'7 2721 2247 

707535210174 100710649671 252910660611 201112161071 

105022571fl71 

7i?4313.%40%71 1522105OiI671 183012181871 252614710673 201611950371 
2%01153403?4 -I__ >’ . ., . 

.' .,' .' :a 
R’4L If73 lTol AU 34 c34l. czrr 

714415183.273 F51952lTi071 20271086067l 
726015200174 203023330372 

. . . . 
:. , 

n-49 r ,zo I 1133 AL’U4 

iC3310619671 
f3LI co15 

. 709522551071 153113650671 
t51313588472 

A-47 7034 2712 2299 3.776 1239 
701633390372 253633940%?2 203912870971 P52%44420373 103752970172 

121131960971 

TABLE :8(b) _______ -^------ -.-- -- 



42 TM-503 

_ -- 
7d7332411971 402462411071 
720413340372 405563340372 

4DPOif836871 10944464D573 
R-13 7054 1765 :I250 2742 2tf5b 

229214770673 
3-15 7196 1533 3.2433 2582 2245 

5-17 7082 0 0 2603 224% 

3-2-i 7645 2597 29.29 1555 1221 

3-24 7238 .I.7413 iioi 273% 2306 
706ii42tiO72. 156712050971 2558136306'72 213214790773 

15731225iO71 103110870671 25521~5%~671 
P0231295D3.72 

3-29 7082 2%00 2253 11334 1106 
256933920872 285612910172 ~57I312%21271 



43 TM-503 

CURRENT MAGNET ARRANGEHEVT AT THE kATN 4CGELERAlOR AS DF APRIL 30, i974 
: .: 

----PI-- 

.22&T 

s-33 7070 2635 2795 1739 ii04 
283911320772 156612461071 

2545lQ410671 204712311071 154312321071 104511270771 
B-36 7049 1569 1113 2773 2220 

B-38 7063 iS4P 1229 2774 2269 
15411P280773. ID67.1226l.XI71 255033830872 2043liO60771 

8-42 7057 X765 1017 2554 2216 
158111290?7t 20551076kI6?l. 

2OBe13678672 
8-45 7076 2739 2233 1562 1236 



44 TM-503 

CURRENT MAGNET ARRANGEMENT AT TH E KAIN &CCELERATDR AS OF APRIL 301 1974 
a-r -.--.-- -___- 

A 104 4 7-F’T,f 9 
--I_ ____-- ___-_ 

MAGNET NUM3ERl4lr 
FAILURE HODES : 

403745288274 404265280274 
c-ii 0 2616 25532 2612 2092 

c-14 70'73 26d.3 2117 -1531 if48 
i5531075!J6?1 i04iiki#508?1 

c-17 7090 0 0 2659 2231) 
25511202097% 23.311228lO?L 

c-22 7093 1752 3.205 2236 
155220810671 215812291071 

c-25 7097 2586 2349 1596 1114 
C--28 7100 i6il ill5 2600 2098 

209514690573 
s-29 7020 2794 2232 1591 1x345 

l-F& 
2258 

@~159~aJ?~ 215613230272 ,, 
lG%r, 

153392939i72 lllbil69037P 
173513550672 113613068272 



45 TM-503 

CURRENT f+AGNET AKRANGEME%T AT T!iE HAIN .4CGELERWTOR AS OF APRIL 30, 1974 

5-36 ?I16 1759 1138 2614 2264 
3.5451!3975471 211413150272 

5-33 7105 1607 IL23 26iI8 2093 
c-39 7195 2748 2Q99 i ? 1'7 1242 

c-44 7110 1732 5121 2740 '22835 
163~16880833 260412060971 207514310273 

z-47 71042 2607 2266 1727 i.0'76 
212113190372 l62011720871 

------ -p--  

.’ 
: ., C. 

” . :: . . . . . .:‘, .;, I’,. ‘: ” 
: ,; 

” .,. 
. 

. . 
I..-- ---.- ---.--_._- 

TABLE X(f) 

-_.-.- ----.-,- -..- ____ 

__-_---.~---.- - -.---.- ----.__ 



46 TM-503 

O-64 7125 2633 2235 1749 1213 
2136123610?1 i62211'73087~1 12.3411470771 

D-17 7.i.27 0 0 2749 2315 
2593Z2940172 21221%62067Z! 

71133450a473 2048Zi'49P7?1 
D-2i 7129 2797 2237 a.775 1874 

“’ 

P-23 7267 2637 214P 1144 
703924620573 

212412371071 
O-27 7035 2643 2133 1632 Ii50 

276214600573 
o-33 7146 2639 26242 I.636 ii52 

o-35 7918 2647 2153 i66B I.3.6D 
D-36 7242 i655 1139 2633 2155 

TABLE X(g) 



47 TM-503 

CURRENT HAGNET ARRANGEMENT AT THt r HAIN 4CC’ELERATDR AS OF APRIL 30, 1974 

D-39 7235 2653 2016 1614 1338% 
70%313270372 214912331071 

D-4.4 7203 1532 2652 2244 
716910198571 2152i201037L 

265714820773 
D-48 403% 0 1155 1721 1159 



48 TM-503 

:Z,URRENT MAGNET ARRANGEMENT A’T ‘THE NAfN .~G%ELERATDR AS OF APRIL 3%, 1974 
s f’ Qmm --------- --- 

ETC, ---- --____ 
I iEfERENCE NtlMBERf31, OAXEi141 

FAfLWRE MODES P i = SHOR’T OR HI-PUT, 2 = VACUUM LEAYq 3 = GONVENIENCE, 

ti636D2065?2 4U2810200571 
3163142'90173 405564290173 

266213050272 
E-24 7.158 2335 2279 1747 ii64 

E-I7 7172 
26;313550472 219313180372 

0 2669 2265 

E-19 7173 1789 -a069 2676 227% 
165915270274 

s-23 JO05 2675 2298 i7.73 ii74 
217713170372 155414430473 

E-25 7106 2679 2191 1662 1237 
117613160372 

E-214 7170 1663 1171 261% 216% 
E-29 7030 2727 21363 $670 it384 

165%i1600%71 lU42109%0671 
Ii8iI.0993571 

TABLE X(i) 



49 TM-503 

CURRENT NAGMET RRRhNGEMENT AT ‘THE NAIN &CCELERATDR AS OF APRIt 30, 1974 

275si4390373 
E-36 7671 i665 1267 2734 2066 

E-3% 7179 1675 11173 2772 2295 
267013400372 210044440473 

238215171273 
E-46 7186 16’7c3 il.37 2638 2192 

404765300274 715115300274 

-. - TABLE X(j) 

___-_----_-.- -.--.. In- -- -,.- -- ________ 

_---______.-.- -..--.- ---- -_--- 



50 TM-503 

GURREN’T HAGtdET ARRANGEMENT AT TM f3APN 4CGELERA’TCIR AS DF APRIL JO, 1974 
-__-___ 

MAGNET NUP!BERf4)-, FAILURE WOOTii~~ iEFERENCE MWPtBERt3fv DWTEt41 
FAILURE.t4DDES 8 i = SHORT OR HI-PQT, 2! = VACUUM LEAYv 3 = CONVENIENCE, 

F-11 !I 259% 2227 2682 2136 
268411350771 205011360771 

F-15 720% i-685 124% 2511 2322 
714713030771 108313560472 26921%%406.?1 219610950671 

F-i7 7212 0 D 2633 224s 
71521a390771 20?LiOPi05?2 

118410080571 
119214380373 

256118171072 11%512%3Oi?~ 
F-23 7176 i6-91 1295 2531 2194 -. 

IL if- J x-- 

TABLE X(k) 



51 TM-503 

CURRENT HA&NET &RRbbttEHENT A7 TH E MAIN tiCCELERATDR AS OF APRIL 30, 1974 

i20113530472 
1251i4850773 

125834270173 
1264i4%60%73 

F-36 7263 
i59210120571 1694309~06?1 

2576 218% 

2552,337%9772 176830 370671 
F-38 7192 1787 1252 2’793 2259 

275433478372 
F-42 7243 I? 7’7 11833 2706 2204 

250933790772 172313590472 
f-44 ‘7223 1774 1279 2710 2239 

125833830772 150933%207?2 
F-46 7252 1761 1233 2763 2208 

F-48 4003 a 1277 1709 ii91 
108234410473 P5291OP30571 

TABLE X(1) 


